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. Overview of all previous reports about the effects of exchanges of conserved precursor peptide residues in heterologous lasso peptide production systems. 
G1-E8 T-2G
detected by mass only
T-2A detected by mass only

T-2S 8%
T-2C 69%
T-2V 71%
T-2I 73%
T-2L
T-2D not detected
T-2M
T-2F not detected capistruin 2 G1-D9 T-2V 52%
T-2A not detected
T-2C 74%
T-2S 84%
T-2I 39%
T-2L not detected caulosegnin I 3,a G1-E8 T-2A <1%
T-2C 35%
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Supporting Information Table S1b . Overview of all previous reports about the effects of exchanges of conserved precursor peptide residues in heterologous lasso peptide production systems.
lasso peptide ring variant relative lasso peptide production compared to WT astexin-1 4 G1-D9 T-2A detected by mass only
T-2V not detected
T-2S
detected by mass only G1C not detected
D9E
detected by mass only xanthomonin II 5 G1-E7 T-2A <1%
T-2C 13%
T-2I 1%
T-2S 1%
T-2V 2%
E7A not detected
E7D E8A not detected
E7A E8D
not detected caulonodin V 6 ,b S1-E9 T-2A detected by mass only S1G 4% S1A 132% S1C detected by mass only S1V detected by mass only S1T detected by mass only S1F detected by mass only caulonodin VI 6,b A1-E9 A1G 7%
A1S 122%
A1C
A1V
detected by mass only A1T 1%
A1F
detected by mass only paeninodin 7 ,c A1-D9 T-2A 40%
T-2C 63%
T-2V 44%
A1C not detected A1G 5%
A1S
detected by mass only D9E not detected b The gene clusters producing caulonodins IV/V and caulonodins VI/VII both encode precursors with an A1 or S1 residue. The natural occurrence of two different residues at position 1 might explain why S1A/A1S exchanges are readily tolerated, but not exchanges of A1/S1
to other amino acids.
c Values were estimated based on bar graphs as no exact numerical values were given.
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Supporting Information Figure S1 . Supporting Information Figure S4 . FP competition assays using 50 nM Fl-PadeA, 100 nM His6-MBP-PadeB1 and various concentrations of the respective competitor peptide. All experiments were performed in triplicates with errors shown as standard deviation of the mean.
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Experimental Procedures
Bacterial Strains and Materials. Cloning and mutagenesis was accomplished using E. coli 
S6
Supporting Information Table S2b . Oligonucleotide primers used for SLIM of the paeninodin production system.
Overhangs for SLIM are underlined, mutated residues are highlighted in bold. nitrilotriacetic acid (NiNTA) affinity chromatography, a 5 mL NiNTA HisTrap column (GE healthcare) and a peristaltic pump were used. After column equilibration with 25 mL of lysis buffer, the lysate was loaded and then the column was washed with 25 mL of wash buffer buffer (25 mM imidazole, 300 mM NaCl, 50 mM HEPES, 10% glycerol, pH 7.5) and protein was eluted with 15 mL of elution buffer (25 mM imidazole, 300 mM NaCl, 50 mM HEPES, 10%
glycerol, pH 7.5).
A second round of purification was performed via size exclusion chromatography (SEC) for His6-PadeB1, His6-MBP-PadeB1 and His6-MBP-PadeB2. NiNTA elution fractions were concentrated in Amicon centrifugal filter units (with suitable MW cut-offs) and applied to an Äkta FPLC (GE Healthcare) system with a Superdex200 column using 300 mM NaCl, 50 mM HEPES, 10% glycerol at pH 7.5 as run buffer at a flow rate of 1 mL/min. After SEC, the purest fractions of each protein were identified by SDS-PAGE, pooled, concentrated and then flashfrozen as aliquots to be stored at -80 °C until later usage (Supporting Information Figure S5 ).
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Supporting Information Figure S5 . SDS-PAGE of all proteins used in this study. In Vivo Lasso Peptide Production. E. coli production of paeninodin was accomplished under previously established conditions. 7 In short, 1 L aliquots of M9 minimal medium was prepared Table S3 ) were added).
HPLC Purification of
The medium was inoculated 1:100 with a 37 °C LB overnight culture and was grown at 37 °C until an OD600 of 0.5-0.7 was reached. Then, cells were induced by IPTG addition (0.1 mM final concentration) and cultures were grown overnight at 37 °C. On the next day, cells were harvested by centrifugation and cell pellets were resuspended in 100 mL of MeOH and shaken ON at 4 °C. Afterwards, the samples were centrifuged and the cleared supernatants were collected and dried at reduced pressure. This procedure was performed in triplicate for the WT and all mutant lasso peptide production systems.
Supporting Information Table S3 . M9 vitamin mix. Table S4 ).
Supporting Information In Vitro Cleavage Assays. The in vitro cleavage assays were run under the following conditions: MeCN) and crystallized at RT. In this way, peaks corresponding to core, leader and full length precursor peptide were identified and integrated for quantification (Supporting Information Table S5 ). As approximation, the sum of the integrals of leader and core peptide was treated to be equivalent to the integral of the same molar amount of full length precursor peptide.
Supporting Information Table S5 . UV integrals of core, leader and precursor peptide observed by LC analysis of cleavage assays. Figure S3 ). Kd determination was accomplished by using a non-linear dose-response fit in OriginPro2015 (OriginLab). 
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